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The ability of an enzyme to liberate  the  titrable carboxyl groups  from a 
protein substrate was used by Willstgtter (1) as a measure of the activity~of 
an enzyme.  Anson (2) established  a measure of enzyme activity through the 
determination of the digestion of denatured hemoglobin in terms of a phenol 
reagent and the blue color developed with reducing  agents, such as tyrosine, 
tryptophane, etc.  In both of these methods, the estimation of enzyme ac- 
tivity was carried out on the products of digestion.  White and Bowman (3) 
believe that the estimation of the end-products of digestion need not be a true 
measure  of the proteolytic enzymes present,  since crude pancreatic extracts 
also contain peptidases.  They therefore modified the Anson method of estima- 
tion of trypsin by measuring,  before and after digestion, the undigested pro- 
teins with the phenol  reagent.  This method likewise requires  a preliminary 
separation  between  the  digested  and  undigested  proteins.  The  objection 
raised by White and Bowman is not necessarily valid since,  the phenol color of 
the non-protein digestive products changes very little if at all on further diges- 
tion.  However,  it is likely that the high concentration of urea used to keep 
the hemoglobin in solution will also inactivate some enzymes (4). 
A simple and rapid method for the estimation of the pmteolytic activities of 
enzymes has emerged from the present study.  This method is based on the 
determination of the amount of undigested protein substrate, which  can be 
precipitated and determined rapidly and quantitatively  by means of a turbidi- 
meter.  Rona and Kleinmann (5)  described  a  similar  nephelometric method 
for the estimation of tryptic activity by mixing a solution of sodium caseinate 
with  a  certain amount of enzyme.  Samples  were  removed after different 
intervals of incubation and the undigested protein was precipitated and de- 
termined  nephelometrically.  We  have  chosen  to  measure  the  proteolytic 
activity  by determining the amount of enzymes or the dilution of enzyme which 
under controlled conditions will digest casein to an extent wherein 50 per cent 
of the protein is no longer precipitable by trichloroacetic acid.  Such an amount 
of enzyme is arbitrarily defined as one unit. 
Experimental  Procedure 
At low  concentrations of enzyme the initial rate of a  catalyzed reaction 
usually bears a  linear relationship to the amount of enzyme added to any 
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given concentration of substrate, provided the latter is high.  Northrop and 
his associates utilized this situation to  determine the activity of pepsin  (6). 
This relationship was examined in the case of casein and a single rather active 
proteolytic enzyme.  Twenty hal. of various concentrations of a  crystalline 
trypsin solution was added to 20 ml. of 0.25  per cent casein solution at pH 
-- 7.6 and 37.5°C.  Two ml. samples were then taken at 5, 10, 13, 15, 17, 20, 
25,  and 30 minutes.  The amount of the undigested casein in each sample 
was precipitated with 3 ml. of a 5 per cent trichloroacetic acid solution.  The 
turbidity, so produced, was determined in a  Klett-Summerson photoelectric 
colorimeter and  plotted  against  time.  The  slope  of the  curves  (K),  being 
TABLE I 
The Relationship between  the Rate of Digestion of Casein and the Concentration of Enzyme 
Used 
(c} 
Crystalline trypsin nitrogen/ml.  K  K/(C) 
micrograms 
1.142 
1.428 
1.599 
1.999 
2.399 
2.570 
3.199 
9.88 
12.50 
13.75 
17.25 
21.38 
22.50 
27.75 
8.65 
8.75 
8.60 
8.63 
8.91 
8.75 
8.67 
linear at the initial phase of the digestion, was then measured for each con- 
centration of enzyme used, where K  was expressed as the reciprocal of the 
amount of undigested casein (in terms of galvanometer reading) at the given 
time.  In other words, 
t,-t~ 
S0- S~' 
Where the t's and S's denote the time of incubation in minutes and the con- 
centration of the  substrate,  casein,  in  grams  per  cent  respectively.  The 
subscripts 0 and a denote zero and a minutes of digestion.  The results given 
in Table  I  demonstrate that as  the concentration of the crystalline enzyme 
(C of column 1) increases, the rate of digestion (K of column 2) increases pro- 
portionately.  The  quantitative  relationship  between the rate and enzyme 
concentration can  best  be  demonstrated by the  constancy of  the  ratio  of 
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dure for the determination of enzyme activity, the details of which are given 
below: 
(a)  Preparation of Solutions. 
1.  5  Per Cent  Trickloroacetic  Add  Solution.--Fifty  gm.  of  trichloroacefic 
acid c.P. is dissolved in water and made to 1 liter. 
2.  Stock 5 Per Cent Casein Solution.--:-' Twenty-five gin. crude casein (Borden's 
453) is stirred in 400 ml. of water with gradual addition of about 4 ml. of 4 
NaOH,  until  the protein is completely in solution.  The solution is  then 
adjusted to pH  =  7.6 and made up to 500 ml. in a volumetric flask and the 
small residue removed by filtration through cheese cloth.  Working units of 
this stock solution are kept frozen in a series of individual bottles. 
3.  0.25 Per Cent Casein Solutions.--Twenty-five ml. of the 5 per cent stock 
casein solution is pipetted into a  500 ml. volumetric flask containing 50 ml. 
of ~/2  phosphate  buffer at  pH  7.6.  The solution is made  to volume with 
distilled water.  Working solutions of the casein are made up freshly each day. 
(b)  The Determination of Enzyme Activity. 
1.  Estimation  of Turbidity  Produced  by  Varying  Amounts  of Casein.--To 
four colorimeter tubes are added 0.45, 0.50, 0.50, and 0.55 ml. of the casein 
solution.  Enough 0.85 per cent saline solution is added to each tube so as to 
increase the volume to 2.0 ml.  To these solutions is added 3.0 ml. of a 5 per 
cent trichloroacetic acid solution from a 25 ml. burette and the turbidities are 
measured  in  the  YAett-Summerson  photoelectric  spectrophotometer  im- 
mediately and before flocculafion of the precipitate takes place.  The average of 
the turbidity tea  d~,  gs of the two duplicate samples of 0.50 ml. of casein is used 
as the value of 50 per cent digestion.  Typical results from such an experiment 
are: 0.45 ml.--195; 0.50 ml.--210 and 205; 0.55 mi.--225.  The readings of 
0.45 ml. and 0.55 ml. of the casein solution are included to be certain that a 
l0 per cent variation in the casein precipitated by trichloroacetic acid has a 
measurable effect in turbidity. 
2.  Estimation of a Dilution to Gi~e Approximate Unit Acti~ity.--Much  time 
can be saved if an approximate activity of an unknown enzyme solution can be 
estimated.  Otherwise, the procedure of serial dilution as described in step 1 
should be followed. 
Step L--To a  series of five tubes is added  1.0  ml. of 0.85 per cent NaCI 
solution.  To the first tube is added 1 ml. of the enzyme solution of an un- 
known potency.  After thorough mixing, 1 m]. of the solution in the first tube 
is carried over to the second tube, and 1 ml. of the content in the second tube 
is  in turn carried over to the third tube.  This process of serial dilution is 
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is then pipetted and discarded.  One ml. of 0.25 per cent casein solution is then 
added from a  10 ml. burette to each one of the five tubes and incubated at 
37.5°C. in a water bath for precisely 15 minutes.  After incubation, 3.0 ml. of 
a  5 per cent trichloroacetic  acid solution is added to the tube and the tur- 
bidities are measured immediately.  If the dilution of the enzyme solution 
which contains one unit per ml. lies within the range of the serial dilution, the 
turbidity reading of the 50 per cent point will fall between the readings of two 
consecutive  tubes.  The original  unknown enzyme solution should then be 
diluted  to  such  an  approximate  concentration and  be  used  for  the  final 
estimation of activity according to the procedure given in step 2. 
Step 2.--To a series of nine tubes are added 1.0, 0.80, 0.70, 0.65, 0.60, 0.55, 
0.50, 0.45, and 0.40 ml. of the unknown solutions  diluted according  to the 
preliminary findings of step 1 so that a unit of enzyme activity is contained in 
from 0.4 to 1.0 ml.  A normal saline solution is again added so that each of 
these tubes contains 1.0 ml. of fluid.  One ml. of 0.25 per cent casein is added 
to all tubes and incubated for 15 minutes, as described in step 1.  The amount 
of undigested protein is precipitated with 3 ml. of 5 per cent trichloroacetic 
acid and the turbidity readings then made.  From the turbidity readings,  the 
dilution of enzyme which will give the 50 per cent point can be determined by 
interpolation.  The enzyme contained in this dilution is then equal to one unit 
of activity. 
Factors Affecting the Aclidty Determination 
Since the rate of the digestion of casein can be affected by such factors as the 
concentration of casein  and pH at a  given temperature of incubation, it is 
important to ascertain the extent to which these factors must be controlled to 
insure the accuracy and reproducibility of the experiments. 
(a) Concentration of Casein. 
Since there is a quantitative relationship  between the enzyme and the sub- 
stmte, during the initial phase of digestion,  it is important that the concen- 
tration of the casein  be specified in order to define the unit activity.  We 
have therefore determined the effect of varying the concentration of the casein 
solution on the activity determination by estimating the dilution of an enzyme 
solution (containing 333  units per ml.)  which will digest 50 per cent of the 
casein solutions of different concentrations in 15 minutes at 37.5°C. at pH = 
7.6.  The results of such an experiment are given in Table II, demonstrating 
that as the concentration of the casein increased  from 0.20 per cent to 0.30 
per cent, the unit activity per milliliter found decreased.  However,  that this 
decrease  bears  a  quantitative  relationship  to  the  casein  concentration,  is 
evident from the agreement between the units of activity per  milliliter  found, 
and those obtained by calculation.  It is obvious from this that the  concen- BACON  F.  CHOW  AND  MARY-ANN  PETICOLAS  21 
tration of casein in the test need not be 0.25 per cent exactly, but ff it is  not, 
then the concentration should be known precisely so that a correction  can be 
made in the final calculation of activity. 
(b)  Effect of the pH on Digestion. 
Since the rate of digestion of casein by enzymes depends to a large degree on 
the pH of the medium, experiments were performed to ascertain whether small 
variation of pH will affect the determination of the enzyme activity.  Hence, 
TABLE II 
The Effect of Concen#ation of the Substrate on the Unit of a Standard Enzyme Preparation 
Casein used  Units activiW per mL (found)  Theoretical units" activity 
per ml. 
l~er ¢~m~ 
0.20 
0.22 
0.24 
0.25 
0.26 
0.28 
0.30 
416 
356 
339 
333 
313 
298 
276 
416 
379 
347 
333 
320 
298 
278 
* Theoretical units activity per ml. =ffi unit activity determined with 0.25 per cent casein 
multiplied by the ratio of caseins (0.25/the concentration of casein in column 1). 
0.25 per cent casein solutions with pH ranging from 7.4 to 7.8 in the step of 
1/10 of a pH unit were prepared and used as substrates.  Our results demon- 
strate that within this pH range there appears to be no significant difference in 
the results of the determination. 
(c)  The Effect of Different Preparations of Casein on the Enzyme Activity. 
It is well known that  commercial preparations of casein are essentially a 
mixture of proteins.  It is therefore of importance to ascertain whether dif- 
ferent casein preparations can be used for the determination of enzyme activity. 
Experiments were performed to determine the activity of a crystalline trypsin 
solution containing 1.428 nag. N  per ml. with several preparations of casein. 
The results  tabulated  in  Table III  demonstrate  that  the  activity found is 
essentially the same regardless of the casein solutions used, provided they have 
been adjusted to the same concentration as measured by the turbidity readings 
rather than by the weight of the casein used.  This satisfactory agreement of 
activity results led us to determine by electrophoretic analysis,  ~ the composition 
1Electrophoretic analysis was performed in a diethylbarbitumte buffer of pH ffi 8.6 
with ionic strength of 0.1 according to the technique of Longsworth, L. G., Chem. Rzv., 
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of the four samples of casein used.  These results indicate that the commercially 
available preparations of casein as well as the casein obtained by the acidi- 
fication of skim milk have a  fairly constant composition consisting of 79 to 
81 per cent of the fast moving component and of 19 to 21 per cent of the slow 
moving component. 
TABLE III 
Determination  of a Standard  Enzyme Solution  Using Different Preparations of Casein 
Casein used 
K.B. caseins ............. 
Merck casein§ ........... 
Borden 453[[ ............. 
Freshly precipitated 
casein¶ ................ 
Solution  used 
~er ten| 
0.25 
0.25 
0.26 
O. 24 
G* 
210 
208 
208 
210 
Activity 
found 
990 
1000 
950 
935 
Composition 
Fast  Slow 
component  component 
f~¢r ce.~  per cent 
79  21 
81  19 
81  19 
81  19 
* G  =  galvanometer reading of the precipitate obtained by the addition of 3.0 ml. of 5 
per cent trichloroacetic acid to 0.50  ml. of the casein solution and 1.50 ml. of saline. 
Obtained from California Milk Products Company. 
§ Obtained from Merck and Company. 
[] Obtained from The Borden Company. 
¶  Precipitated by adjusting the pH of skim milk to 4.4. 
RESULTS 
(a)  Determination of Activities of a Number of Proteolytic Enzymes  of Different 
Origin. 
We have determined the activities of two  crystalline  and one purified en- 
zymes from beef pancreas  and  also  enzymes of bacterial and fungal origins 
(Table IV).  The  crystalline chymotrypsin was  found  to  have  the  highest 
activity per milligram N, being approximately two and one-half times more 
active than crystalline trypsin, according to this test.  However, both crys- 
talline enzymes are more active than any of the commercial proteinases isolated 
from pancreases, bacteria, or fungi. 
(b)  The Rate of A ctivation of Acid Extract of Beef Pancreas. 
The measure of activity has also been used to determine the rate of acti- 
vation of an acid extract of beef pancreas at different pH.  One hundred and 
fifty gin. of freshly ground beef pancreas was extracted in a Waring blendor for 
5 minutes with 290 nil. of water and 12.5 nil. of 6 I~ H,  SO4.  The pH of the 
suspension was  raised to about 4.2  with  10 ml.  of 6  ~r NaOH and filtered. 
The pH of aliquot  samples  of the filtrate was  adjusted  to a  range between BACON F.  CHOW AND MARY-ANN PETICOLAS  23 
4.2  to  8.9  and kept in  ice water mixture.  Aliquot  samples were taken  for 
activity  determination  at  different  time  intervals.  The  results  of  such  an 
experiment (Table V)  demonstrate  that  the enzyme solution is activated at 
least 50-fold at pH between  7.7  and 8.2,  but not  at pH 4.2.  Other experi- 
ments  with  homogenized  hog  and  bovine  pancreas  indicate  that  the  acti- 
vation of the enzymes likewise takes place more rapidly at the higher pH and 
TABLE  IV 
Comparison of Proteolytic Activities of Enzymes Obtained from Different Sources (Digestion 
of Casein at pH 7.6) 
Origin  Enzyme  Units/rag. N 
Beef pancreas 
Beef pancreas 
Beef pancreas 
Fungus 
Fungus 
Bacteria 
Bacteria 
Crystalline trypsin 
Crystalline chymotrypsin 
Wilson's trypsin 
Orthozyme 10-F 
Fungal enzyme 
Protease 15-F 2.5 
Bacterial proteinase 
700 
1900 
132 
345 
30 
338 
210 
TABLE V 
Rate of Activation of an Acid Extract of Beef Pancreas at O°C. 
Initial pH  ........ 
Ill.*. 
0 
6½ 
22} 
46½ 
71 
8.88 
Unlts/ml. 
14 
18 
100 
610 
685 
8.24 
Units/raL 
16 
145 
515 
76O 
I  7.70 
Units/ml. 
17 
18 
71 
58O 
715 
I  6.25 
Unil~/ml. 
20 
288 
327 
4.19 
U.its  /ml. 
15 
18 
14 
Final pH .......  8.02  7.45  7.28  I  6.30  4.17 
that by this type of estimation pancreas from each of these two spedes has 
approximately the same unit  activity per gram of glands,  namely,  2600 for 
hog and 2800 for bovine. 
SU~r~ARY 
A method has been described for the determination of proteolytic activities 
of enzyme preparations  using  casein  as  substmte.  The rate  of digestion  is 
proportional to the enzyme concentration used.  This relationship is utilized 
as a  measure of the enzyme activity.  One unit of activity is defined as the 
amount which  is required  to digest casein in  15  minutes  at 37.5°C.  so that 
50 per cent of the protein in 1 ml. of 0.25 per cent solution is not precipitable by 24  PROTEOLYTIC  ACTIVITIES OF ENZYME  PREPARATIONS 
trichloroacetic acid.  This method has been used to determine the activity of 
enzymes from different sources and also used to follow the rate of activation of 
enzymes. 
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